This paper deals with different types of artificial ageing and its effect upon the mechanical properties of an aluminium alloy. For the purposes of this research, the EN AW 2017 alloy was subjected to different types of heat treatment. These samples were subjected to different analyses. The results of hardness measurements (HB and HV) revealed the highest values of the non-heat treated sample. The static tensile stress test proved the highest ductility of the heat treated samples. Overall, the best were revealed for the sample artificially aged at 160°C.
INTRODUCTION
Aluminium alloys are one of the most important lightweight construction materials [8] . The Al-Cu-Mg-Si type alloys are widely used in the aerospace industry due to their good combination of strength, ductility and corrosion resistance. In order to improve their mechanical properties, thermomechanical processing is usually applied [3, 2, 10] . This process consists in cold plastic deformation, solution annealing and artificial ageing (state T8) [1, 6] . A desirable increase in the mechanical properties is due to the high dislocation density and the distribution of the strengthening particles [7] . On the other hand, the local company found cracks when bending these rods (at state T8). The occurrence of the cracks can be caused by both surface hardening by the rod manufacturing and the heat treatment [5, 4] . The samples delivered for the analysis were cold drawn manufactured [9] . Reduction of the rods length when drawing was 4%. The experiment was conducted for four sets of samples. One set of samples was not heat treated and other three sets of samples underwent three different types of heat treatment (with different artificial aging temperature). In order to compare the results of this research, an indirect compression sample was prepared for every set of samples as well.
The chemical composition of all samples were verified by means of a Q4 Tasman optical emission spectrometer. The results of this analysis and their comparison are presented in Table 1 .
The heat treatment was applied on three sets of samples (each set consists of four samples, three of which were cold drawn rod manufactured and one of them was indirectly compressed). The heat treatment was conducted via Nabertherm TC 1010 electric resistance furnace.
The process of heat treatment consists in two phases. The first one was solution annealing at 490°C temperature followed by submerging in water at a temperature of 25°C. The second phase was artificial ageing varying for different sets of samples (140°C, 160°C and 180°C) for 600 minutes. The samples were marked as shown in Table 2 .
MECHANICAL PROPERTIES
The main instrument for the comparison of different sets of samples (different temperatures of artificial ageing) involved the comparison of The Effect of Artificial Ageing on the Mechanical Properties of the EN AW 2017 Alloy Klara Jirounkova 1* , Jan Vozka 1 , Jaromir Cais 1 their mechanical properties. Therefore, the mechanical properties of the delivered samples were subjected to the analyses of hardness according to Brinell, Microhardness according to Vickers and static tensile test.
Hardness according to Brinell
The hardness measurements according to Brinell were performed upon the rod surface under the conditions defined by the EN ISO 6506-1 standard. This test was conducted for all drawn and pressed samples. These measurements were realised via ERNST AT250X hardness tester.
The measured values (their average value after ten measurements) are reported in Table 3 . These values and their comparison are graphically presented in Figure 1 .
Microhardness according to Vickers
The microhardness measurements according to Vickers were performed under the conditions defined by the EN ISO 6507-1 standard upon metallographic samples (18 mm diameter bars) for different heat treatments. The measurements of microhardness were focused on defying the hardness process from the sample surface towards its centre in three rows turned towards each other. The first measurement was carried out at the 30 μm from the surface and the last one was realised at the depth of 15 mm (15 indentations per row). The measurements were realised via Shimadzu HMV-2microhardness tester. The measured values (reported values are average of three values measured in the different distance from the rod surface) of the microhardness process are reported in Table 4 . The microhardness of the pressed samples did not significantly change from the surface to the central part. The D1 sample showed the lowest microhardness values (131.51±13.79 HV).
Static tensile test
The parameters of static tensile test were set in agreement with the EN ISO 6892-1 standard. The test was conducted by using a Hegewald und Peschke Inspekt 100 universal testing machine. The results of this test are presented in Table 5 . 
MICROSCOPIC ANALYSIS
The microstructure analysis was conducted on all samples in order to investigate the effect of heat treatment on microstructural changes. These changes were investigated via a confocal and electron microscope (with EDX detector).
Confocal microscopy
The metallographic analysis focused on the documentation of the microstructural state before and after heat treatment was realised by using Olympus LEXT OLS 3100 confocal microscope. The main aim of this analysis was to register intermetallic phases (their characteristics and morphology) occurring within their microstructure. The A sample analysis (pressed without heat treatment) is presented in Figure 2 . The microstructure of the D1 sample (pressed after solution annealing followed by artificial aging at 180°C temperature) is shown in Figure 3 , and in detail in Figure 4 .
Electron microscopy
The microstructure analysis focused on identifying intermetallic phases was performed by using a Tescan Vega 3 scanning electron microscope. In order to analyse the chemical composition of structural components, the EDX analysis was performed by using a Bruker X-Flash EDX analyser.
Apart from the intermetallic analysis, this exploration was focused on the chemical composition of the solid solution before and after being heat treated. The area of plane EDX analysis of solid solution for A1 sample is marked in Figure 6 . Quantification of these results is posted in Table 6 . The area of the EDX analysis of the D1 sample solid solution is marked in Figure 6 . Quantification of these results is posted in Table 7 .
DISCUSSION
The analysis of hardness according to Brinell and microhardness according to Vickers proved a significant difference between pressed and drawn samples. Hardness according to Brinell was approximately up to 30% higher for the drawn samples (for both heat treated samples and samples without heat treatment). The results of the microhardness process of pressed rods were not detected. Only the 180°C heat treated samples showed a slight decrease of microhardness up to approximately 200 μm depth. On the other hand, the drawn rod samples showed a significant decrease in the microhardness process (approximately 20%). The lowest difference between the microhardness at the surface and the centre of the rod were recorded for the drawn sample after heat treatment at 160°C (only 9%).
The static tensile test revealed the highest values of the yield strength, tensile strength and ductility for the samples with no heat treatment. The drawn samples showed up to 5% higher values of yield strength and tensile strength for the samples with no treatment. When the heat treatment being applied, this difference has increased up to 10-25%. A significant difference in the ductility values was observed only for the samples with no heat treatment. The pressed samples showed approximately 12.5% higher ductility than the drawn samples. This difference drops to its minimum when the heat treatment is being applied.
The results of the microscopic analysis identified the CuAl 2 intermetallic phases and other polycomponent phases based on the Al-Si-Mg, Al-Mg-Cu and Al-Mg-Cu-Si type within the sample microstructure. The EDX analysis focused on the determination of the chemical composition before and after heat treatment demonstrated a higher content of copper in the solid solution caused by heat treatment.
CONCLUSION
On the basis of the conducted experiments and microstructure examination of the samples before and after heat treatment (for three different temperatures of artificial aging process), optimal parameters of heat treatment are: (i) Solution annealing -at 490°C, held for 30 minutes, followed by submerging in water at 25°C; (ii) Artificial ageing -at 160°C temperature, held for 600 mins.
These parameters of heat treatment ensure suitable microhardness process from the surface to the centre of the investigated rods (with minimal difference of microhardness values). Moreover, sufficient values of the yield strength, tensile strength and ductility were measured for these samples. The microstructure of these samples after this heat treatment regime shows a complete dissolution of CuAl 2 intermetallic phases dislocated near the dendrite boundaries of solid solution. On the basis of these results, also the corrosion resistance after this heat treatment can be assumed as being improved compared to the non-heat treated state. 
